Abstract: Dermacentor reticulatus ticks are recognized as the most important vectors of Babesia canis, the aetiological agent of canine babesiosis occurring throughout Europe. Vector competence of D. reticulatus for B. canis is well described and experimentally determined; however, by using molecular analysis it was proven so by one recent study in Russia. Herein, the additional molecular evidence of B. canis infection in D. reticulatus ticks collected in Slovakia is provided. Using PCR followed by sequencing of distinctive amplicons we determined the presence of Babesia canis canis in one of 100 tested adult ticks. Two zoonotic pathogens, Francisella tularensis and Coxiella burnetii, were previously isolated from D. reticulatus ticks in Slovakia. In our samples, we detected only the presence of F. tularensis.
Introduction
Ixodes ricinus (L., 1758) is the most important vector of tick-borne pathogens in Europe based on numerous epidemiological and ecological studies (Parola & Raoult, 2001) . Dermacentor reticulatus (F., 1794) is another species of ixodid ticks capable of transmitting variety of pathogenic microorganisms, but it has been studied to much less extent than I. ricinus. In Slovakia, tularemia and Q fever are well known zoonotic diseases caused by different bacteria, Francisella tularensis and Coxiella burnetii, respectively (Guryčová et al., 2001; Špitalská & Kocianová, 2003) . Although both bacteria have been isolated from D. reticulatus ticks in Slovakia, D. reticulatus is more important as vector of protozoan pathogen Babesia canis. Babesia canis is the aetiological agent of canine babesiosis, one of the most important tick-transmitted infectious diseases of dogs in Europe (Lobetti, 1998) . Furthermore, cases of human babesiosis caused by B. canis have been detected in France indicating zoonotic potential of the parasite (Marsaudon et al., 1995) . In the recent description of canine babesiosis in Slovakia, the authors mentioned the location where dogs probably acquired infection. D. reticulatus ticks were collected at that area, but they were not tested for the presence of babesiae (Swan et al., 2000; Chandoga et al., 2002) .
The vector capacity of D. reticulatus for B. canis is well described and experimentally determined, yet only one study reported the molecular characteristics of B. canis from D. reticulatus ticks (Rar et al., 2005) . The aim of our study was to describe B. canis in D. reticulatus collected in Slovakia by using molecular methods, PCR and subsequent sequence analysis. Collected ticks were also tested for the presence of F. tularensis and C. burnetii.
Material and methods
In October 2002, ticks were collected by flagging vegetation along the pathways of floodplain forest (SalicetoPopuletum) near the village of Čuňovo, SW Slovakia (48
• 02 N, 17
• 13 E).
DNA was extracted from individual ticks using the QIAamp DNA Mini Kit (Qiagen, GmbH, Hilden, Germany), according to the manufacturer's instructions. Ticks were washed in 70% ethanol and sterile water and homogenized with a pestle. The efficiency of DNA extraction was confirmed by PCR assay, which amplifies the mitochondrial 16S rRNA gene of tick origin (BLACK & PIESMAN, 1994) .
To detect babesial parasites, each sample was tested with primers PIRO-A/PIRO-B, which were designed to amplify a fragment of 18S rRNA gene of Babesia sp. (OLMEDA et al., 1997) . The presence of F. tularensis was determined by amplification (primers TUL4-435/TUL4-863) of a gene coding for 17 kDa lipoprotein which is conserved among various strains of F. tularensis (SJÖSTEDT et al., 1997) . Attempts to detect C. burnetii were made by amplifying a part of transposon-like repetitive region of the C. burnetii genome with primers TRANS 1/TRANS 2 (BERRI et al., 2000) . Distinctive amplicons were sequenced on both strands by using the BigDye Terminator Cycle Sequencing Ready Reaction Kit (ABI PRISM, PE Applied Biosystems, Foster City, California). The sequences obtained were analyzed with different modules of the Lasergene 5.0 software package (Dnastar, Madison, Winsconsin). Sequence alignments were performed using the Clustal W algorithm.
Results
A total of 113 ticks, identified as adult D. reticulatus (70 females and 43 males), were collected in late October 2002. DNA was extracted from 100 ticks as confirmed by the amplification of the mitochondrial 16S rRNA gene of tick's origin. Parasites were detected in 5% (5/100) of ticks by PCR. Amplicons were visualized on 2% agarose gel as a single band of a correct amplicon size (400 bp). Among 100 ticks, one tested positive for the presence of F. tularensis and none of the tested ticks were infected with C. burnetii (Tab. 1).
To confirm the species of Babesia sp. and Francisella sp., both strand sequences were determined for all amplicons obtained. Unexpectedly, sequences of 18S rRNA gene showed that four of five parasites detected by PCR are not babesiae but microorganisms most similar to Colpodella edax (Accession number: AY234843). The remaining parasite from a female tick was indeed Babesia identical to B. canis canis isolate from a dog (Acc. No.: AY072926). Gene sequence of Francisella sp. from a tick was identical to a sequence of gene for 17 kDa protein of F. tularensis, strain live vaccine (Acc. No.: M32059). The sequence of B. canis 18S rRNA gene from D. reticulatus tick was deposited in GenBank under the Acc. No.: AY780888. Relationships of babesiae used for the alignment are shown in Fig. 1 .
Discussion
Ticks are currently considered as one of the most important vectors of zoonotic diseases affecting both humans and animals. In Europe, I. ricinus is the most prevalent and widely distributed tick species responsible for transmitting different pathogens (Parola & Raoult, 2001) . Dermacentor reticulatus ticks, mainly occurring in colder seasons of the year in Central Europe, are also widespread but not as abundant as I. ricinus (Hubálek et al., 2003) . Their role as vectors of human pathogens is uncertain. However, D. reticulatus ticks are recognized as the most important vectors of B. canis, the aetiological agent of canine babesiosis occurring throughout the Europe (Lobetti, 1998) .
In this study we provided molecular evidence of B. canis infection in D. reticulatus ticks collected in Slovakia. In one of 100 adult ticks, we detected babesial parasite identical to B. canis canis isolate from a dog from Croatia (Cacciò et al., 2002) by using PCR and sequence analysis. Relatively low percent (1%) of infection of ticks with babesiae was determined. Several reasons could be responsible: (i) the low number of ticks, (ii) only adult ticks were tested and (iii) ticks might carry lower amounts of babesiae which can not be detected by PCR. Similar phenomenon has been observed with TBE virus which is detected in less than 1% of questing I. ricinus (Suss et al., 2004) . In a study from Russia (Rar et al., 2005) , 4% of D. reticulatus ticks were determined infected with B. canis canis indicating that the infection rate of B. canis in ticks is low but might differ geographically. However, to establish the true infection rate of babesiae, more D. reticulatus ticks from countries across Europe need to be tested.
Although by using PCR for detection of Babesia sp. we detected parasites in five ticks, sequence analysis showed that in four cases the priming of PIRO-A/-B was unspecific. The 18S rRNA is a gene of choice for phylogenetic analysis and sequencing of the gene represents the precise method for identification of novel microorganisms. Nevertheless, the results based only on amplifying 18S rRNA gene should be considered with caution. When the primers are designed on the conservative parts of 18S rRNA gene, the results of PCR should always be confirmed by restriction or sequence analysis.
Our attempts to detect C. burnetii in D. reticulatus were unsuccessful. The reason could be the low number of tested ticks, since previous extensive examination of ticks showed less than 3% of C. burnetii infection (Řeháček et al., 1991) . It is more likely that C. burnetti was not detected because the ticks were collected in the area where the focus of Q-fever is not known. Alternatively, nymphs might be more important as vectors of bacteria than adult ticks.
Francisella tularensis was detected in 1% of tested D. reticulatus by molecular methods. The results are in agreement with the described prevalence rate of F. tularensis (0.5% to 2%) in D. reticulatus in Slovakia (Guryčová et al., 2001) . Given that F. tularensis is being continuously detected in D. reticulatus ticks but the transmission of F. tularensis to humans by tick bite is less frequent and uncertain, we contributed to the fact that D. reticulatus ticks are probably more important as reservoirs than vectors of mentioned bacteria.
